cDNA encoding ␣ 2 -HS glycoprotein was amplified from guinea pig liver mRNA by reverse-transcription polymerase chain reaction (RT-PCR) and rapid amplification of cDNA ends, cloned and sequenced. By RT-PCR and nested PCR, ␣ 2 -HS glycoprotein mRNA was detected not only in liver tissue but also in pancreas, stomach, small intestine, colon, spleen, kidney, testis, skeletal muscle, brain, heart and leukocytes, but not in the lung. The ␣ 2 -HS glycoprotein mRNA levels in the liver were reduced to half at 48 h after subcutaneous injection of turpentine oil.
The ␣ 2 -HS glycoprotein (AHSG) is a plasma protein that is present in various mammals and belongs to the cystatin superfamily (Elzanowski et al., 1988) . However, AHSG does not inhibit cysteine proteinase activity. The biological function of AHSG is not known, although it has been reported to play important roles in bone metabolism (Triffitt et al., 1976) , opsonization (van Oss et al., 1974) and cellular immunity (Lewis and Andre, 1980) . Furthermore, we found that countertrypin, a novel trypsin inhibitor, is the mouse counterpart of human AHSG, and that human AHSG and bovine fetuin which were prepared without the use of ethanol are capable of inhibiting trypsin (Yamamoto and Sinohara, 1993) . It is clear now that AHSG is the human homolog of fetuin (Christie et al., 1987; Dziegielewska et al., 1990) . Protein and/or DNA sequences have been reported for human (Lee et al., 1987) , cow (Dziegielewska et al., 1990) , sheep and pig , rat (Ohnishi et al., 1993) , mouse (Yamamoto and Sinohara, 1993; Yang et al., 1992) , Mongolian gerbil (Goto et al., 1997) , rabbit (Osawa et al., 1997) , and Habu snake (Yamakawa and Omori-Satoh, 1992) fetuins. AHSG is also one of the few negative acute phase reactants in humans (Lebreton et al., 1979) and rats (Daveau et al., 1990) , whereas fetuin is a positive acute phase protein in cattle and mice (Yang et al., 1992) . To clarify the physiological role of AHSG, the structure and properties should be studied in more animal species and compared. At present, the guinea pig is widely used as an experimental animal for studying inflammation, complement activation, and anaphylaxis. However, few data are available on AHSG in the guinea pig. In recent years, the issue of whether the guinea pig is a rodent has been a subject of discussion (D'Erchia et al., 1996) ; hence, it is an interesting animal from the viewpoint of molecular evolution. In this paper we report the cDNA sequence of guinea pig AHSG and compare the deduced amino acid sequence with those of other fetuins. We also examined the expression of AHSG mRNA in various guinea pig tissues and in acute inflammation.
The nucleotide sequence of the guinea pig AHSG cDNA and the deduced amino acid sequence are shown in Figure 1. The cDNA sequence was found to contain an open reading frame, from nucleotide number 28 to 1101, encoding a polypeptide consisting of 358 amino acid residues. When the deduced amino acid sequence of this polypeptide was aligned with the amino acid sequences of human, pig, sheep and mouse AHSG, a putative signal peptide of 18 amino acid residues was identified. Three potential N-glycosylation sites, Asn-X-Ser/Thr, are present in the deduced sequence, at amino acid positions Asn-81, Asn-138, and Asn-158. Figure 2 summarizes the protein sequences of known fetuins, i.e., guinea pig AHSG (this work), human, cow, sheep, pig, rat, mouse, Mongolian gerbil, rabbit, and Habu snake. A comparison of protein and nucleotide sequences indicates that the AHSG of various animals, ranging from snakes to humans, is derived from a common ancestor gene. The deduced amino acid sequence of guinea pig AHSG shows 61% identity to that of cow, sheep, human, pig and rabbit AHSG/fetuin, 59% to that of rodents (mice, rats and Mongolian gerbil) and only 40% to that of reptiles (Habu snake). A physiologenetic tree constructed from guinea pig and AHSG sequences from further nine species using the UPGMA method (Sokal and Michener, 1958) shows that the guinea pig belongs to one branch which is an outgroup to rodents (data not shown). These results support the recent hypothesis that the guinea pig is not a rodent. However, a gene dendrogram deduced from comparisons of a single gene does not always coincide with the species genealogy. To clarify the species genealogy, further analyses of some other genes are required.
The sequence identity within domains 1 and 2 (cystatinlike domain) is 66 -71% among the various mammalian AHSGs. However, the sequence identity within domain 3 is 40 -47% among the various mammalian AHSGs. This suggests that the functional and structural constraints imposed on domain 1 and domain 2 are significantly different from those of domain 3. The 12 cysteine residue positions are conserved in the AHSG of all animals, including the Habu snake; however, the Habu snake fetuin contains a 13th cysteine.
To examine the distribution of AHSG in various guinea pig tissues, we employed the reverse-transcription polymerase chain reaction (RT-PCR) technique. Figure 3A shows the results obtained with 1 g of total RNA from each of the guinea pig organs examined. To confirm the identity of the PCR products as guinea pig AHSG they were sequenced in each instance. The liver was found to be the major site of AHSG mRNA synthesis. Significant amounts of AHSG mRNA were not detected in other organs. The result that the liver is the major site of AHSG synthesis agrees with observations made with other species. However, when a portion (5 l) of the PCR amplification mixture (100 l) was further subjected to nested PCR, all tissues except for the lung yielded a band with a sequence identical to that of AHSG cDNA prepared from liver mRNA ( Figure 3B ). Tissue distribution and/or the expression of fetuin also has been studied in mice, sheep and rats. In the adult mouse, AHSG mRNA was detected mainly in the liver and also in the adrenal gland, stomach, heart and placenta by Northern blot analysis (Yang et al., 1992) . In the adult sheep fetuin was detected in the liver, spleen, lymph node, skeletal muscle and bone marrow by immunocytochemistry but not in the central nervous system, kidney, heart and lung (Dziegielewska et al., 1996; Saunders et al., 1994) . In the newborn rat, fetuin was observed in the liver, pancreas, cerebral cortex, blood vessels, cartilage and bone, smooth muscle, spleen, bone marrow and kidney by immunocytochemistry but not in the lung and adrenal gland (Terkelsen et al., 1998) . These differences between guinea pig, mouse, sheep and rat seem to be due to the sensitivity of the methods used or to species-specific differences. McLeod and Cooke (1989) have shown by RT-PCR that vitamin D-binding protein, ␣-fetoprotein and albumin transcripts are present at a very low level in multiple tissues (brain, heart, lung, intestine, kidney, spleen, uterus, fat) except for their main synthesis organ. The upper and lower lines represent nucleotide and predicted amino acid sequences, respectively. The putative signal peptide sequence (-18 to -1) as well as the first amino acid of the polypeptide (+ 1) were predicted after aligning the sequence of the single open reading frame encoding the guinea pig AHSG with that of other species. Possible N-glycosylation sites are indicated by dotted underlining. A TAG stop codon is indicated by an asterisk. Underlining indicates the polyadenylation signal. The nucleotide sequence reported in this paper has been submitted to the DDBJ/GenBank/EMBL Data Bank with accession number AB006443. Total RNA was extracted from the livers of healthy Hartley guinea pigs (10-to 12-week-old males), and of those with turpentine-induced inflammation, using the ISOGEN kit (Nippon Gene, Toyama, Japan). Poly(A) + RNA was isolated by an oligo(dT) cellulose column according to the procedure of Aviv and Leder, 1972. The complete cDNA sequence was determined by a threestep strategy, i.e., (i) RT-PCR, (ii) 3ЈRACE and (iii) 5ЈRACE essentially as previously described (Nakatani et al., 1997) except for the following: (i) RT-PCR: primers were designed based on the regions of high homology among the known AHSG/fetuins; P1 (sense), 5Ј-TGCGATGACCCAGAGACCGA-3Ј and P2 (antisense), 5Ј-GGCTGAGTCTGGACTGGAAT-3Ј. (ii) 3ЈRACE: liver mRNA was amplified by PCR using P3 (sense), 5Ј-TGCGATGACCCAGA-GACCGA-3Ј and oligo(dT) 20 -M4 (antisense), 5Ј-GTTTTCCCA-GTCACGACTT .... TT-3Ј (Takara, Kyoto, Japan); the resulting first round RACE product was further amplified using P4 (sense, specific for guinea pig AHSG), 5Ј-GAGAGGTGTATGAGCTTG-3Ј, and M4 (antisense). (iii) 5ЈRACE: liver mRNA was reverse transcribed using P5 (antisense, specific for guinea pig AHSG, 5Ј-CACTTTGCGCACGTCCTC-3Ј) and then tailed with oligo(dA)n; the product was subsequently amplified by PCR using oligo(dT) 20 -M4 and P6 (antisense, specific for guinea pig AHSG), 5Ј-AGTCTGGAGTGGACTCGC-3Ј. Prior to RT, RNA was denatured for 10 min at 70°C and then quenched. RNA was reverse transcribed for 30 min at 42°C. PCR samples were heat-denatured for 2 min at 94°C and subjected to 30 cycles of 30 s at 94°C, 30 s at 55°C, and 90 s at 72°C. The final extension step was 8 min at 72°C. Nucleotide sequencing was carried out by the dideoxynucleotide method of Sanger et al., 1977 . The numbering of amino acids is the same as in Figure 1 . A minimum number of gaps, indicated by a hyphen, has been introduced to maximize the alignment. Conserved residues that are identical in all species are boxed. Asterisks indicate cysteine residues involved in intramolecular disulfide bridges formed according to the arrangement of disulfide loops in AHSG. The dibasic cleavage site is indicated by underlining. Abbreviations: GP, guinea pig; D1, domain 1; D2, domain 2; D3, domain 3. (A) The AHSG mRNA was detected in the liver but not in other tissues by RT-PCR. ␤-Actin primers were used as a control for the total RNA applied. Total RNA was extracted from various tissues of the guinea pig: brain, skeletal muscle, stomach, colon, liver, pancreas, lung, heart, spleen, kidney, testis, small intestine and leukocytes. The organs were immediately frozen in liquid nitrogen and stored at -80°C until RNA extraction. Separate aliquots of total RNA (1 g) were reverse transcribed into cDNA and PCR amplified as described in Figure 1. (B) A portion (5 l) of the RT-PCR amplification mixture (100 l) was subjected to nested PCR. The specific primers used to detect guinea pig AHSG mRNA by RT-PCR were: P7, 5Ј-GAC-ACGCTGGAGACCACC-3Ј (sense); and P8, 5Ј-CTTCTCCTGAG-GCTGAATC-3Ј (antisense). The nested PCR primers specific for guinea pig AHSG mRNA were: P9, 5Ј-GTGGAAGGGGACTGT-GAC-3Ј (sense); and P10, 5Ј-GGTTATAGTGTTCCCGGTG-3Ј (antisense). Nested PCR amplification was performed using Ex Taq polymerase (Takara) under the following conditions: denaturation step for 2 min at 94°C, 30 cycles (94°C for 30 s/55°C for 30 s/ 72°C for 90 s) and the last elongation step at 72°C for 8 min. Because the ␤-actin mRNA sequence is highly conserved in mammals, mouse and human ␤-actin primers, P11, 5Ј-ACAGTCCGC-CTAGAAGC-3Ј (antisense) and P12, 5Ј-CATGGATGATGATAT-CGC-3Ј (sense), respectively, were used as a control for the total RNA applied. The PCR products were electrophoresed through a 1.5% agarose gel and stained with ethidium bromide. (C) mRNA levels in the liver decreased by 50% at 48 h after subcutaneous injection of turpentine oil as determined by RT-PCR. Male guinea pigs weighing about 400 g were used for the study of the expression of liver AHSG mRNA in the acute phase response. Inflammation was induced by subcutaneous injection of turpentine oil as previously described (Suzuki et al., 1990) . The animal was sacrificed 48 h later at the peak of inflammation. The PCR products after agarose gel electrophoresis were stained with ethidium bromide and visualized by ultraviolet-induced fluorescence. The intensity of the PCR bands was quantified with a densitometer linked to a computer analysis system (Electrophoresis Documentation and Analysis System, Kodak).
They believed that the trace quantities of mRNA expression of the three proteins in all tissues studied could be due to the leak level of transcription of the gene family or their transcription at low levels by an unidentified stromal cell common to all organs. We show that such a phenomenon also exists in the case of guinea pig AHSG. It is not clear whether the slight expression of AHSG in other organs, which is barely detectable by nested PCR, has a physiological role. Plasma concentration or transcripts of AHSG show different changes in the acute phase from species to species. Because the liver is the major site of AHSG synthesis, we examined the levels of AHSG mRNA in liver tissue, comparing normal levels and those in a state of inflammation. As shown in Figure 3C , transcription of the AHSG gene decreased to half of normal levels in response to a turpentine challenge. Similar results were obtained in two experiments. The data obtained suggest that AHSG is a negative acute phase protein in guinea pigs as well as in humans and rats.
